Introduction
Superabrasive grinding wheels containing diamond or CBN grits are widely used in grinding hard brittle materials and hardened ferrous metals, respectively because of their high hardness, wear resistance and long tool life. Periodic truing and dressing is required in order to maintain the appropriate wheel sharp and topography for efficient grinding. It is, however, difficult to profile these superabrasive wheels precisely due to the above characteristics. Generally metal-bonded diamond truer or vitrified GC wheel are used as the truing tools and WA stick as dresser. But the truing/dressing methods mentioned above are time-consuming and cause pollution of working environment. In addition, mechanical damage of abrasive grains occurs by a direct contact between wheel and truer/dresser.
In this study, laser beam is used as a noncontact thermal dressing tool of superabrasive wheels. In previous works, vitrified bonded or resinoid-bonded wheel are mainly dealt with in dressing [1,.2] , and a few experiments are done about the truing of the metal-bonded diamond wheels [3,.4 ]. In the present study, Nd-YAG laser is applied to dressing a metal-bonded diamond wheel and the principle of metal removal, thermal damage of wheel surface and the optimum operating parameters are investigated. Figure. 1 shows the schematic illustration of the basic principle of laser dressing. The bond material is removed by vaporizing and/or melting by heat input from laser irradiation. Resolidification also occurs by the rapid cooling so that air jet is supplied to the laser spot in order to blow off the molten metal. These fusion products may be easily removed by a short time initial grinding. The bond material should be removed so as to make appropriate protrusion height of abrasive grits being anchored firmly in the bond. Thermal damages of abrasive grains such as graphitization, chipping and microcracks are to be avoided. Because of noncontact process, the wheel is not deformed by dressing force.
Principle of Laser Dressing

Dressing of Metal-Bonded Diamond Block
Experimental setup and procedure
In the first step, a bronze block and a bronze-bond diamond block (SD120N75M) are chosen as dressing targets so as to measure 3-D profile of the dressed surface. The pulsed Nd-YAG laser operating at a wavelength of 1.064.µm with pulse duration of 2.5.ms is irradiated being focused onto the target. The specimen is mounted on the x-y stage and it is fed at a constant feed. Two types of experiments are carried out in which intermittent single-shot craters are formed and overlapped multi-shot craters are created as shown in Fig.2 . The air jet is supplied if necessary. The dressing condition are summarized in Table. 1.
Experimental results of intermittent single-shot dressing
Figure. heat and is resolidified including voids in it. The morphology of the crater with air blow is presented in Fig.4 . The fused material is blown away and partially solidified around the crater edge. Both depth and diameter of the crater vary with laser peak power. The minimum dressing depth approximately 30.µm, which is appropriate amount for a #120-mesh grinding wheel, is obtained when the laser power is 104.W. The depth and diameter of the crater formed by a single-shot pulse decrease with laser power decreases. The shallower crater than a critical depth, however, cannot be formed by reducing the laser power because of the instantaneous resolidification of the material. Defocusing is also effective in controlling the dressing volume, especially minimize the dressing depth and expand the dressing region per pulse.
Experimental results of overlapped multi-shot dressing and evaluation of thermal damage
The 3-D profile of the dressed grinding block is shown in Fig.5 , where the dressing depth is approximately 30.µm. From the figure, air spray is effective for blowing away the molten binder before it solidifies again, although it cannot be perfectly taken away due to its relatively high viscosity. An air spray has also the effect on the prevention of thermal damage and deterioration of both bond and abrasive grains. Clear damages of diamond particles such as micro-cracks or graphitization are not observed below the laser power is less than 152.W.
In order to evaluate the thermal damage of bonding material, the dressed grinding block is ground with vitrified alumina wheel (A60K7V) as shown in Fig.6 . The testing conditions are listed in Table. 2. Figure.7 shows the surface morphologies before and after grinding tests. As is obvious from the figure that when the dressing peak powewr P is 104.W, almost all abrasive grits remain on the bond after grinding. In the case of P=152.W, however, some abrasive grains are dislodged by grinding force because the influence of laser heat reaches deeply in the bond. But in both cases, diamond grains are not molten or graphitized. Accordingly when the laser power is appropriate, the grains, which are left on the grinding wheel surface, are not affected in laser irradiating. 
Experimental procedure
Four removable bronze segments are mounted around a wheel periphery as targets because they can be easily measured with a microscope and a profilometer. The laser beam is aligned in the normal direction and focused on the wheel surface as shown in Fig.8 . The linear stage is fed in the axial direction and this motion is coordinated with the wheel rotation, laser pulse frequency and pulse duration so as to cover the overall wheel surface by laser beam. In the present work, a crater by individual laser beam is investigated. The experimental conditions are shown in Table. 3.
Experimental results and discussion
The groove formed by laser irradiation are shown in Fig.9 , in which 2-D profile trace are also shown. As is obvious from the figure, resolidified bond remains in the groove even in high wheel speed without air blow. This resoridified layer cannot remove by scratching with a brass brush. The air jet is effective in blowing away the molten material as shown in Fig.9(b) . The depth, length and width of the grooves are related to laser irradiation parameters. Table. 4 summarizes the dressing depth of grooves as a function of wheel revolution and laser peak power. It is noticed that the dressing can be done with high wheel speed so that the efficient dressing is expectable. 
Summary
The laser dressing of a bronze bond diamond stone is investigated as a first step. Pulsed Nd:YAG laser is irradiated perpendicular to the stone surface. The bond material is partially removed by laser irradiation, in which melting and vaporizing take place. In order to efficiently remove the bond material, it is necessary to spray air on the laser irradiating spot so as to blow away the molten binder before it solidifies again. Clear damages of diamond particles such as micro-cracks or graphitization are not observed below the laser power is less than 152.W. When the laser power is less than 104.W, most diamond grains are held firmly in the bond. 
